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In the oil and gas market there is an Increasing demand for reciprocating gas compressors which can perform efficiently over a wide range of operating conditions (e.g. compressor speed. suction pressure. gas molweight). As manufacturer of horizontal balanced opposed double acting reciprocating compressors a bottleneck in designing a compressor for flexible operat1on is the performance of the valves. These valves (self acting, plate type) are designed for a specific operating condition at which they operate with maximum efficiency. Within a limited range of operating conditions beyond this design point the valves operate "acceptable", however with a reduced efficiency and/or life t1me. Computer simulation programs have been used to study the performance of valves tor flexible operation. 
THE COMPUTER SIMULATION PROGRAM 
The Soedel computer simulation program of pOSitive displacement type compressors presented 1n [ 1 ,4,5, ] and the program presented in [ 6 ) was the base for the present simulation program. As manufacturer of double acting reciprocating compressors the computer simulation program is accomplised for a double acting type compressor. For the resonator approach of two resonators in serie with an anechoic pipe and a common discharge and suct1on plenum of the double acting compressor the equations 2.5.2. and 2.5.6. of ref. [ 5) were modifed into; 
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m mass flow rate through the discharge valve head end (kg/s) 
d 
m "' mass flow rate through the discharge valve crank end (kgls) 
de (for further nomenclature ref. [ 5 ] ) 
By changing the subscripts d to s and replace md by -ms leads to s
imilar equations 
for the suction system. 
Other adaptations are the preload of the valve springs and the imple
mentation of damping 
plates. The effect of the damping plates is modeled by multiplying th
e velocity of the 
valve plate with a restitution coeffic1ent above a certain displaceme
nt and within a certain 
area if the velocity of the valve is positive. Also the natural frequen
cy of the valve is 
modeled as function of the displacement. 
VERIFICATION OF THE SIMULATION PROGRAM 
Before studying the behaviour of valves of reciprocating compresso
rs the simulation 
program has been verified on a Thomassen low constant speed air
 compressor. The 
necessary experimental results for the simulation program were me
asured for the valves 
of the low speed compressor by the Dutch National Aerospace La
boratory NLR. 
The results of the simulation program verified with the measured da
ta of the 
compressor are satisfactory as shown 1n figure 1. 
NEW VALVE DESIGN FOR FLEXIBLE OPERATION 
To 1mprove the performance of the valves for flexible operation on
 running 
compressors we have developed the idea to realise this by adjusting the bottom s
upport 
of the valve spnngs which changes the working area of the valve sp
ring characteristic. 
For a non· linear valve spring characteristic changes beyond the pre
load also the mean 
st1ffness. Figure 2 shows a possible construction of a suction and d
ischarge valve. The 
position of the bottom support of the valve spnngs can be adjusted by changing th
e 
pressure in the flexible bellows. By using the procesgas as medium
 for the pressure in the 
flex1ble bellows a simple control system for the operation of valves
 on running compressors 
can be achieved. Other poss1ble constructions are discussed 1n ref.
 [ 3]. 
As wall Thomassen as Hoerbiger (see ref. [ 2 ]) have put in a claim for a patent 
about the ideas on th1s subject. 
THE PROTOVPE 
Two prototypes have been built and tested after modification of th
e existing valves 
to examen the Influence of changing the working area of the valve s
pring characteristic. 
One valve was tested on the low constant speed air compressor (422 rpm) and one
 on a 
high variable speed compressor (1000 rpm). Figure 3 shows the prototype that has 
been 
used on the high speed compressor. A sim1iar construction has bee
n used on the low 
speed compressor. Three inductive proximator probes were insta
lled to registrate the 
behaviour of the discharge valve plate. The bottom support of the s
pring can be adjusted 
by the manual controled central spindle. An inductive linear variabl
e differential transformer 
registrates the displacement of the bottom support. 
EXPERIMENTAL RESULTS 
Tests on the low constant speed Thomassen reciprocating air comp
ressor have 
shown (see figure 1) that an Increase of the preload: 
- delayed the open1ng moment of the discharge valve 
- reduced the opening period of the valve 
- increased the closing period in which the performance of the valve
 plate 
became more instable 
• increased the valve losses. 
The before mentioned results were measured by keeping the suctio
n pressure, 
temperature and speed constant. 
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On the high speed Thomassen rec1procat1ng compressor, bu1lt in a close testloop filled with natural gas, the influence of the speed on the behaviour of the discharge valve was tested on the 2nd stage of the compressor. For the high variable speed compressor table 1 shows relevant data of the original pressure range selected valve. 
After modifYing the original valve into the prototype (figure 3) the discharge valve was tested at the same operating conditions as those for the orig1nal valve. At different speeds of the compressor the influence of changing the working area of the valve spring charactenstic was tested. 
In table 2 are l1sted the results of the tested prototype at a slightly different working area of the original selected valve springs. 
In table 3 are listed the results of the tested prototype at which the working area of the valve spring o11aracteristic is adjusted to the speed of the compressor by changing the bottom support of the valve spring. 
Figure 4 and 5 shows the results of 1000, 700 and 600 rpm of table 2 and 3. 
CONCLUSIONS 
· Springs are necessary to close the valves in time 
• Springs Increases the losses of the valves 
· For a wide operat1ng range valves with adjustable bottom supports of the valve springs are more efficient then those with a fixed bottom support 
• The compressor simulation program predicts satisfactory results for the behaviour of valves. 
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Figure 1. Simulated (beneath} artd measured (above} results on a Thomassen low speed air compres
sor. 
SECTION A·A 
Frgure 2. Ad1ustable suction and discharge compressor valve. 
119 
"'".::.::.::::@ ~~~------------~ 1- I tV 51 Ol5 
NINN'rfd.S~3JI\ J738.!fi~VII 






------- -- _ ___J, I ,---¢:t:~:::i=' 
::::::--- ------------ ---~ I 
-+ 
---1------~ :J>- -~I~~-
"" _ j r--::==~-=- ---tHt-l,-l---ttt-----'"-'------+--+--"-----~ 
_j -L=....= -- --- - ----+ 
~ 1''"--------~----1-__ -_ +----:;,: 
"-J--
~i ~=:jl! ~ I) I - : 
~P.g11~~ I~ ~ 
\ ---++------- ;z] 
-+-------·-----1'::' 
------- ---- -~ee 
I L--- t ... ~ 
I ~ 















Pd n"' 700 (rpm) 
L ~ Ps 
Wd 
---+e 






























n = 600 (rpm) 
//"' 
Pd 
z ~~ Ps 
Wd 
Figure 5. The performance of the pressure and discharge valve on 
a high speed 
compressor 2nd stage with a adJUSted working area of the valve 
springs characteristic. 
1?2 
n Pi Pvd Psm Pdm 
rpm kW D/o bar bar 
1000 60.60 12.79 15.22. 22.97 
900 53.08 11 .15 15.27 23.06 
800 45.56 9.31 15.31 23.05 
700 38.15 7.61 15.27 22.90 
600 31.61 6.13 15.22 22.76 
Table 1. Compressor data of a high speed compressor 2nd stage w1th pressure duty selected valves. 
n Pi Pvd Psm Pdm 
rpm kW D/o bar bar 
1000 60.20 10.04 14.86 23.07 
900 52.04 8.91 14.73 22.82 
800 44.84 8.08 14.87 22.82 
700 36.95 5.82 14.63 22.47 
600 30.95 4.37 14.54 22.36 
Table 2. Compressor data of a high speed compressor 2nd stage with a fixed 
working area of the valve spring characterist1o. 
n Pi Pvd Psm Pdm 
rpm kW 0/o bar bar 
1000 59.99 10.09 14.81 22.97 
900 51.96 8.73 14.68 22.75 
800 44.61 7.45 14.75 22.70 
700 36.93 5.27 14.51 22.37 
600 30.58 3.37 14.33 22.13 
Table 3. Compressor data of a high speed compressor 2nd stage with an adjusted 
working area of the valve spring characteristiC. 
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